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@ Metal oxide material. 



@ Provided is a metal oxide material represented by the composition formula of Ln a Sr b Cu3_ x M x O c , where 
2.7 * a + b ^ 3.3 ; 0.8 £ a si 1.2 ; 6 £ c =s 9 ; and 0.05 ^ x ^ 0.7, Ln is at least one element selected from 
the group of elements of Y and lanthanoids or an atomic group consisting of said elements, and M is at 
least one element selected from the group of elements of Ti, V, Ga, Ge, Mo, W and Re or an atomic 
group consisting of said elements. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a novel metal oxide material which exhibits superconductivity. In particular, 

the present invention relates to a metal oxide material that is useful in various application fields of supercon- 
ductivity such as sensors, electronic devices, computers, medical apparatus, magnets, power transmission 
lines, energy instruments, and voltage standards. The metal oxide material of the present invention is especially 
effective when used as a bulk material. The metal oxide material of the present invention can be used in a state 

10 of junction or dispersion with another oxide or a metal. 

Related Background Art 

Copper-containing oxide superconductors which have been discovered in succession have critical tem- 

15 peratures of superconductivity (Tc) surpassing that of known metal-type superconductors such as niobium com- 
pounds. Therefore, applications thereof are intended in various fields. The known copper containing oxide su- 
perconductors include those of Bi-system, Tl-system, Pb-system, Y-system, and La-system. 

As a kind of the copper-containing oxide superconductors, those composed of Sr, Ln (Y or a lanthanoid 
element), Cu and oxygen having a composition of YSr 2 Cu 3 O y are disclosed in papers of Japanese Journal of 

20 Applied Physics, Vol. 26, L804 (1987); Solid State Communication, Vol. 63, 535 (1987); and Preprint for Au- 
tumnal Meeting of Japan Physical Society, Third Part, page 243, [2p-PS-30]. Further, another superconductor 
having the composition YSr 2 Cu 3 x MO y (M = Al, Fe, Co, or Pb, and 0.4 £ x ^ 1.0) is disclosed in Chemistry of 
Materials, Vol. 1, 331 (1989). 

The aforementioned Bi-system, Tl-system, and Pb-system of superconductors have undesirably a specific 

25 gravity of as high as from 7 to 8 g/cm 3 , so that a bulk material (for example, a shield material) made therefrom 
inevitably becomes weighty in its entirety, disadvantageously, A known Sr-based 123-phase material, which 
has a lower specific gravity than the abovementioned material, has disadvantages of unavoidable contamina- 
tion by a large amount of impurities, difficulty in the synthesis, and the low Tc (approximately 20 K). 

For example, the compositions disclosed in Japanese Journal of Applied Physics, Vol. 26, L804 (1987) 

30 and Solid State Communication, Vol. 63, 535 (1987) do not give a single phase high-quality sample of 
YSr 2 Cu 3 O y , but form much impurities such as SrCu0 2 , Sr 2 Cu0 3 , Y 2 Sr0 4 , Y 2 CuO s , SrCu 2 0 2 , and S^C^Os.^, 
and therefore the product is not practically useful. Thus the synthesis products of the Sr-based 123-phase ma- 
terial contain the superconducting material only at a small content even though the product is satisfactory in 
its light weight, and are not useful. 

36 The sample described in the aforementioned Preprint for Autumnal Meeting of Japan Physical Society, 

Third Part, page 243 was synthesized by means of a special apparatus employing conditions of 70 Kbar and 
1380°C which was not generally available, therefore being unsuitable for practical applications. Furthermore, 
even with such a special apparatus, the synthesized product exhibited a zero-resistance temperature (the tem- 
perature at which the resistance becomes zero) of about 20 K. 

40 The material disclosed in Chemistry of Materials, Vol. 1, 331 (1989), which exhibits superconductivity in 

the case of M = Co or Fe, and has the zero-resistance temperature of as low as 10 K, has a superconductivity 
volume fraction of about 2 %, thus being unsuitable for a superconducting material. 

SUMMARY OF THE INVENTION 

45 

An object of the present invention is to provide a superconducting material which is synthesizable without 
using a special synthesis apparatus, without employing ultrahigh pressure, and has a high quality with less im- 
purity. 

Another object of the present invention is to provide a material which has a high superconductivity transition 
50 temperature and a large superconductivity volume fraction, and has superior characteristics as a supercon- 
ducting material. 

Copper oxide superconductors of Bi-system, Tl-system, and Pb-system such as the aforementioned 
YBa 2 Cu 3 O y , which are obtainable stably at present, have an undesirably high specific gravity of 7 to 8 g/cm 3 , 
so that a bulk material (for example, a shield material) made therefrom inevitably becomes weighty in its entirety 
55 disadvantageously. Accordingly, still another object of the present invention is to provide a material which has 
a lower specific gravity than known copperoxide superconductors. 

A further object of the present invention is to provide a material which does not contain a toxic heavy metal 
in such a large quantity as in Bi-system, Tl-system, or Pb-system of materials, and does not employ a toxic 

/ ' 2 




starting material like barium carbonate. 

A typical Y-system material, YBa 2 Cu 3 O y , is decomposed readily by moisture or water vapor into Y 2 0 3( 
BaC0 3 , and CuO, posing a serious problem in practical use thereof and thin film device preparation therefrom. 
Accordingly a still further object of the present invention is to provide a material which is not sensitive to moisture 

5 and water vapor, and has superior endurance. 

Furthermore, the above YBa 2 Cu 3 O y characteristic deteriorates by liberation of oxygen at a high tempera- 
ture. For example, the material having the composition of YBa 2 Cu 3 O y at room temperature will lose at 900°C 
one oxygen in terms of y or 2.4 % by weight. Accordingly, a still further object of the present invention is to 
provide a material which does not readily release oxygen at a high temperature. 

10 According to an aspect of the present invention, there is provided a metal oxide material represented by 

the composition formula of Ln a Sr b Cu 3 - x M x O c where 2.7 3 a + b £ 3.3; 0.8 3 a S 1 .2; 6 £ c £ 9; and 0.05 £ x 
= 0.7, Ln is at least one element selected from the group of elements of Y and lanthanoids, or an atomic group 
consisting of said elements, and M is at least one element selected from the group of elements of Ti, V, Ga, 
Ge, Mo, W and Re, or an atomic group consisting of said elements. 

is According to another aspect of the present invention, there is provided a metal oxide material represented 

by the composition formula of Ln a Ca b Sr c Cua, x M x O d where 2.7 £ a + b + c £ 3.3; 0.8 £ a + b £ 2.1; 0.05 s b si 
1.1; 6 £ d £ 9; and 0.05 = x s 1.0, Ln is at least one element selected from the group of elements of Y and 
lanthanoids or an atomic group consisting- of said elements, and M is at least one elements selected from the 
group of elements of Fe, Co, Ti, V, Ge, Mo, W and Re or an atomic group consisting of said elements. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the data for YSr 2 CU3_ x Fe x 0 7 described in Chemistry of Materials, Vol. 1 , 331 (1 989). 
Fig. 2 shows the X-ray diffraction pattern for the YSr 2 Cu 2i7 Ti 0(3 0 7i0 prepared in Example 1, employing the 
25 CuKa radiation. 

Fig. 3 shows the temperature dependence of the resistivity of the YSr 2 Cu 27 Ti a3 O 7 . 0 prepared in Example 

1. 

Fig. 4 shows the temperature dependence of the magnetic susceptibility of the YSr2Cu 2 . 7 Tio. 3 0 7t0 prepared 
in Example 1. 

30 Fig. 5 shows the X-ray diffraction patterns of the YSr 2 Cu2.7 5 Rea.2507.2 prepared in Example 7 before and 

after the water-vapor exposure. 

Fig. 6 shows the X-ray diffraction patterns of the YBa 2 Cu 3 O y prepared in Comparative Example before and 
after the water-vapor exposure. 

Fig. 7 shows the temperature dependences of the resistivity of the YSr 2 Cu 2i7 5Re 0i25 O 7 .2 prepared in Exarn- 
35 pie 7 before and after the water-vapor exposure. 

Fig. 8 shows the temperature dependences of TG and DTA of the YSr 2 Cu 2 . 75 Reo. 2 50 7 .2 prepared in Example 

7. 

Fig. 9 shows the X-ray diffraction patterns for the Yo.aCao.aS^^.ssReo.isOy^ prepared in Example 36, em- 
ploying the CuKa radiation. 

40 Fig. 10 shows the temperature dependence of the resistivity of the Yo.8Ca 0 .2Sr 2 Cu2.85^eo.i507,2 prepared 

in Example 36. 

Fig. 11 shows the temperature dependence of the magnetic susceptibility of the 
YSr 0i6 Ca 0i2 Sr 2 Cu 2i8 5Reo.i50 7 ,2 prepared in Example 36. 

45 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides a metal oxide material having a specific gravity of as low as 5 to 6 g/cm 3 
and exhibiting superconductivity transition temperature of not lower than 20 K, preferably not lower than 25 K, 
by selecting the composition ratio of the constituting elements. 
so The metal oxide material of the present invention has a structure similar to YSr 2 Cu 3 O y which is synthesiz- 

able only at an extra-high pressure. Nevertheless it can be synthesized at a normal atmospheric pressure, and 
has improved characteristics of a superconductor. This can be achieved by introducing a selected transition 
metal to the Cu site in an optimum replacement ratio. 

Further, the present invention provides a metal oxide material having superior characteristics by introducing 
55 Ca to the site of Y, Ln, or Sr without employing an oxygen atmosphere of high pressure for calcination. 

The metal oxide material of the present invention may have any composition within the range described 
above. In the present invention, particularly preferred are copper oxide materials having a composition of 
Ln a Sr b Cu3_ x M x O c where a = 1 and b = 2, and Ln is any of Y, Ho, Dy, and Gd. 

3 
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A particularly preferred superconducting material is the above metal oxide material in which M « Ti t and 
0.2 = x£ 0.5. 

Another particularly preferred superconducting material is the above metal oxide material in which M = V, 
and 0.05 SxS 0.4. 

5 , A still another particularly preferred superconducting material is the above metal oxide material in which 

M = Ga, and 0.25 SxS 0.7. 

A further particularly preferred superconducting material is the above metal oxide material in which M = 
Ge, and 0.05 £x£ 0.4. 

A still further particularly preferred superconducting material is the above metal oxide material in which M 
10 = Mo, and 0.05 3 x ^ 0.4. 

A still further particularly preferred superconducting material is the above metal oxide material in which M 
= W, and 0.05 £ x £ 0.4. 

A still further particularly preferred superconducting material is the above metal oxide material in which M 
= Re, and 0.05 ^ x £ 0.4. 

15 A further particularly preferred superconducting material is the above metal oxide material which has a tet- 

ragonal or orthorhombic structure and a lattice constant (c) of not less than 1 1 A and not more than 12 A. 

A further preferable masterial is a metal oxide material of the abovementioned composition having super- 
conductivity at a temperature of not lower than 20 Kelvin, more preferably 25 Kelvin. 

The calcium-substituted metal oxide material of the present invention may have any composition within 
20 the range described above. In the present invention, particularly preferred are copper oxide materials having 
a composition of Ln a Ca b Sr c Cu 3 . x M x O d where a + b + c = 3. 

A particularly preferred superconducting material is the above metal oxide material in which M = Fe, and 
0.2 £ x £ 1.0. 

Another particularly preferred superconducting material is the above metal oxide material in which M = Co, 
25 and 0.2 £ x ^ 1.0. 

A still another particularly preferred superconducting material is the above metal oxide material in which 
M = Ti, and 0.2 £ x £ 0.5. 

A further particularly preferred superconducting material is the above metal oxide material in which M = V, 
and 0.05 £ x £ 0.4. 

30 A still further particularly preferred superconducting material is the above metal oxide material in which M 

= Ge, and 0.05 SxS 0.4. 

A stiil further particularly preferred superconducting material is the above metal oxide material in which M 
= Mo. and 0.05 £ x £ 0.4. 

A stilt further particularly preferred superconducting material is the above metal oxide material in which M 
35 = W, and 0,05 S x.S0.4 | 

A still further particularly preferred superconducting material is the above metal oxide material in which M 
= Re, and 0.05 Sx = 0.4, 

A further particularly preferred superconducting material is the above metal oxide material which has a tet- 
ragonal or orthorhombic structure and a lattice constant (c) of not less than 11 A and not more than 12 A. 
40 A further preferable masterial is a metal oxide material of the abovementioned composition having super- 

conductivity at a temperature of not lower than 20 Kelvin, more preferably 25 Kelvin. 

The above-described metal oxide material of the present invention may be prepared by any of generally 
employed methods of heating powdery raw materials to cause reaction and sintering. 

Examples of such methods are disclosed in Material Research Bulletin, Vol. 8, p. 777 (1973); Solid State 
45 Communication, Vol. 17, p. 27 (1975); Zeitschriftfuer Physik, B, Vol. 64, p. 189(1986); Physical Review Letters, 
Vol. 58, No, 9, p. 908 (1987); etc. These methods are well known as general methods at present. 

In case of use for a superconducting substrate in electronic devices or as shielding materials, the metal 
oxide material of the present invention is effectively prepared also by melting the powdery raw materials at a 
high temperature by use of a flux and subsequently growing a single crystal. 
so For use for thin film electronic devices or shielding materials, the metal oxide material of the present in- 

vention can be formed in a thin film state on a substrate or another superconducting thin film by any of sputtering 
methods such as high frequency sputtering or magnetron sputtering employing a target containing the invented 
materials; vapor deposition such as electron beam vapor deposition, MBE and ionized cluster beam; CVD em- 
ploying gases as the raw materials; and plasma CVD. 
55 The copper oxide material of the present invention thus prepared has a superconductivity transition tem- 

perature depending on the firing conditions and the raw material composition. In particular, a high supercon- 
ductivity transition temperature is obtained when the element M is Mo, W, or Re.Jn this case, the supercon- 
ductivity transition temperature is increased up to 70 K depending on the kind of the element M and the value 




of x. Accordingly, the metal oxide of the present invention can be used as a superconductor naturally at the 
liquid helium temperature, and even with a simple refrigerator. 

Furthermore, the metal oxide material of the present invention can be supplied at a low price since the raw 
materials therefor are all inexpensive. The material of the present invention is relatively stable and deteriorates 
5 less in the open air. This material is highly safe since a toxic raw material such as a heavy metal is not used. 

The metal oxide material of the present invention has a specific gravity in the range of from 5 to 6 g/cm 3 , 
which is less by about 20 to 30 % than existing copper oxide superconductors. This is an advantage in the case 
where the metal oxide material is employed as a bulk material for shielding or magnet. 

The metal oxide material of the present invention is not sensitive to moisture or water vapor, which advan- 
10 tageously relaxes the using conditions and broadens the application fields of the product, raising the durability, 
and stabilizing the surface state in preparation of devices. The metal oxide material of the present invention 
does not readily release oxygen at a high temperature, which is an advantage for use or synthesis of the ma- 
terial. 

The present invention is described more specifically by reference to Examples and Comparative Examples. 

15 

Examples 1 to 7 and Comparative Examples 1 to 6 

The starting materials used were Y 2 0 3 , SrC0 3 , CuO, Tio 2 , V 2 0 5 , Ga 2 0 3 , Ge0 2 , Mo0 3 , W0 3 , Re0 3 , Ai 2 0 3 , 
Mn0 2 , NiO, Fe 2 0 3 , and Co 2 0 3 , These materials were weighed out in desired composition ratios, and mixed at 

20 dry. The respective mixtures were pressed into pellets with 10 mm in diameter and 1 mm thick. Each of the 
formed pellets was reacted and sintered in an alumina boat at a temperature of 950 to 1100°C in the air or in 
an oxygen atmosphere to prepare the compounds of Example or Comparative Example of the present invention. 
The sample prepared in such a manner was subjected to measurement of electric resistivity by a fourprobe 
method and measurement of magnetic susceptibility by means of a SQUID in the temperature range of from 

25 room temperature to the liquid helium temperature. 

Table 1 shows the composition ratios and the transition temperatures (K) of the compounds of Examples 
1 to 7. Table 2 shows the nominal compositions and the electric characteristics of the oxides of Comparative 
Examples 1 to 6. The composition ratios were measured by EPMA, so that the quantity of the oxygen may in- 
volve an error of about 20 %. 

30 The oxygen contents in the compounds of Comparative Examples are represented by y, because those 

can not be measured due to the impurity phases in the compounds. 



40 
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Table 1 



Example Composition Characteristic Decrease of Tc 

No- (Tc) after water-vapor 

exposure test 

(ATc) 





1 


YSr 2 Cu 2 


.7 Ti 0.3°7.0 


35K 


-3K 


15 


2 


YSr 2 Cu 2 


V o 
75 0.25 U 7. 1 


2 7K 


-2K 




3 


YSr 2 Cu 2 


65 Ga 0.35°7.0 


38k 


-3K 




4 


YSr 2 Cu 2 


8 Ge 0.2°6.9 


28k 


-3K 


20 


5 


YSr 2 Cu 2 


85 M °0.15°7.0 


67K 


-5K 




6 


YSr 2 Cu 2 


85 W 0.15°7.1 


45K 


- -4K 




7 


YSr 2 Cu 


75 RG 0.25°7.2 


48K 


--4K 



25 



Comparative Nominal Characteristic 
Example No . composition { Tc ) 





1 


YSr 2 Cu 3 O y 


semi-conductor 




2 


YSr 2 Cu 2.7 AI 0.3°y 


semi-conductor 


40 


3 


2 2.6 0 . 4 y 


sera i -conduc tor 




4 


YSr Cu, .Ni. 0 
2 2.6 0 . 4 y 


semi -conduc tor 




5 


2 2.6 0 . 4 y 


9K 


45 


6 


YSr Cu 9 ^Co,. ,0- 
2 2.5 0 . 5 y 


9K 



50 



55 



Table 1 shows that all of the materials of Examples of the present invention are superconductors having 
Tc = 20 K or higher. The replacement of copper with Mo, W, or Re gives superior characteristics especially 
suitable for a superconductor. 
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Table 2 shows that the materials prepared in Comparative Examples in which the M is an element other 
than Ti, V, Ga f Ge, Mo, W\ and Re do not exhibit superconductivity, or otherwise has Tc of lower than 10 K. 

Fig. 2 shows the X-ray diffraction pattern of the metal oxide material prepared in Example 1. From Fig. 2, 
the sample prepared in Example 1 has a tetragonal structure with lattice dlmentsions of a - b - 3.83 A, c = 
5 11.5 A, 

The materials prepared in other Examples were found to exhibit nearly the same diffraction pattern, thus 
having the same structure. 

Fig. 3 is a graph showing the temperature dependence of the electrical resistivity of this sample, showing 
that the superconductivity transition begins at approximately 40 K and the resistance reaches zero at 35 K. 
10 Hence;' the metal oxide materials of the present invention become a superconductor at a temperature much 
higher than the liquid helium temperature. 

Fig. 4 shows the result of the measurement of temperature dependence of magnetic susceptibility of the 
metal oxide material prepared in Example 1. The sample of Example 1 exhibits Meissner signal below 35 K, 
and the superconductivity volume fraction thereof exceeds 20 % at 10 K. The other metal oxide materials pre- 
15 pared in Examples 2 to 7 give similar results, and have sufficient superconductivity. 

In comparison of the materia) of the present invention with the data for YSr 2 Cu3_ x Fe x O y shown in Fig. 1 
cited from Chemistry of Materials, Vol. 1 , 331 (1989), the material of the present invention has a much higher 
zero-resistivity-temperature and a much higher superconductivity volume fraction. 

The specific gravity of the material of Example 1 is 5.5 g/cm 3 , being lower by approximately 30 % than ex- 
20 isting copper oxide superconductors such as YBa 2 Cu 3 0 7 . The other materials prepared in Examples 2 to 7 also 
have a specific gravity of not higher than 6 g/cm 3 , being sufficiently light. 

Fig. 5 shows the X-ray diffraction patterns of the metal oxide material prepared in Example 7 before and 
after the water-vapor exposure test as described below. Fig. 6 shows the X-ray diffraction patterns of the 
YBa 2 Cu 3 0 7 prepared in Comparative Example before and after the water r vapor exposure test. The water vapor 
25 exposure test, namely the test for the durability against water was carried out by exposing the sample to water 
vapor at 40°C for 50 hours. As the results, in Fig. 5, no change of the X-ray patterns is observed, while, in Fig. 
6, the YBa 2 Cu 3 0 7 almost loses the original structure, giving peaks attributed to BaC0 3t Y 2 0 3f and CuO. The 
sample of YBa 2 Cu 3 07 came to exhibit no superconductivity. 

Fig. 7 shows the results of measurement of the electrical resistivity of the material of Example 7 before 
30 and after the water- vapor exposure test. This graph shows little change in the superconductivity, which proves 
the good endurance to water of the materia! of the present invention. Other typical superconducting oxide ma- 
terials of Bi-system are known to be more sensitive to water. Table 1 shows the decrease of Tc by the water- 
vapor exposure test in other Examples, which proves the superior endurance of the material of the present in- 
vention. 

35 Fig. 8 shows the result of measurement of TG and DTA of the material of Example 7. The amount of the 

sample used in the measurement was 50.4 mg. From Fig, 8, the loss of the oxygen from the metal oxide material 
of the present invention at 900°C amounts to 1 % by weight, corresponding to approximately 0.34 oxygen atom 
in the composition formula. This oxygen loss is about 1/3 as compared with that of the YBa 2 Cu 3 0 7 of Compar- 
ative Example which loses oxygen in an amount of 2.4 % by weight corresponding to one oxygen atom. Thus 

40 the metal oxide material of the present invention deteriorates less than the ones of Comparative Examples. 
The same results as in Fig. 5, Fig. 7, and Fig. 8 are obtained in other Examples. 

Examples 8 to 13 and Comparative Examples 7 to 12 

45 The starting materials used were Y 2 0 3 , Gd 2 0 3 , Er 2 0 3 , Ho 2 0 3 , Ti0 2 , Ga 2 0 3l Re0 3 , SrC0 3 , and CuO. These 

materials were weighed out in desired composition ratios, and mixed at dry. The respective mixtures were re- 
acted and sintered in the same manner as described above to prepare the compounds of the Examples of the 
present invention and Comparative Examples. These samples were subjected to measurement of electric re- 
sistivity and measurement of magnetic susceptibility. 

50 Table 3 shows the compositions and the transition temperature (K) of the compounds of Examples 8 to 

13. Table 4 shows the nominal compositions and the electric characteristics of the samples of Comparative 
Examples 7 to 12. The composition ratios were measured by EPMA, so that the quantity of the oxygen may 
involve an error of about 20 %. 

Table 3 shows that the metal oxide materials within the composition ratio range of the present invention 

55 all become superconductors having Tc = 20 K or higher. Table 4 shows that the materials of Comparative Ex- 
amples outside the range of the composition of the present invention do not exhibit superconductivity transition, 
or come to have zero resistance at a temperature of 10 K or lower if the materials exhibit superconductivity 
transition. The materials of Comparative Examples have inferior characteristics with the superconductivity vol- 

7 
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ume fraction of not more than 3 %> 

At the right column of Table 3, the values of decrease of Tc at the water-vapor exposure test conducted 
in the same manner as in Examples 1 to 7 are shown. From the values, the materials of the present invention 
have good endurance. 



Table 3 



Example Composition Characteristic Decrease of Tc 

No - (Tc) after water-vapor 

exposure test 

■ ; ( ATC } 



8 YSr 2 Cu 2.92 Re O.08°6.8 40K " 3K 

9 YSr 2 Cu 2.4 Ga 0.6°7.1 25K ~ 3K 

10 Gd 0.5 Er 0.5 Sr 2 Cu 2.7 Ti O.3°6.8 27k " 2K 

11 YSr 2 ^ 2 .7 Ga 0.2 Re 0.1°7.0 48k " AK 

12 H °0.9 Sr l.9 Cu 2.8 Re 0.2°7.0 3lK " 3K 

13 Ho i.l Sr 2.1 Cu 2.8 Re 0.2 O 7.0 26K ~ 4K 



Table 4 



Comparative Nominal Characteristic 

Example No . composi t ion . (Tc ) 

7 YSr 2 Cu 2 97 Re O 03°y semi-conductor 

8 YSr 2 Cu 2 2 Ga 0 8°y semi-conductor 

9 Y 0 7 Sr 2 Cu 2 6 Ga Q 4 0 y 8K 

Y 2 3 Sr 2^ U 2 6 Ga 0 4 G y semi-conductor 

11 • YSr l.7 Cu 2.6 Ga 0.4°y 9K 

12 YSr 2.3 Cu 2. 6 Ga 0 4°y semi-conductor 



Example 14 to 21 

The starting materials used were Y 2 0 3 , Ho 2 0 3( Dy 2 Q 3 , Gd 2 0 3t La 2 0 3l Sm 2 0 3 , Er 2 0 3 , Yb 2 0 3 , Ga 2 0 3( SrC0 3 , 
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and CuO. These materials were weighed out in desired composition ratios, and mixed at dry. The respective 
mixtures were reacted and sintered in the same manner as described above to prepare the compounds of the 
Examples of the present invention and Comparative Examples. The samples were subjected to measurement 
of electric resistivity and magnetic susceptibility. 

Tabie 5 shows the compositions and the electric characteristics of the samples of Examples 14 to 17. Table 
6 shows the compositions and the electric characteristics of the samples of Example 1 8 to 21 , and the transition 
temperatures (K) if the sample is superconducting. 

The X-ray diffraction patterns of the material of Examples 14 to 17 are nearly the same as that of Fig. 2, 
showing the similar structures of these material. The superconductivity volume fraction was more than 10 %. 

The metal oxide materials of Examples 1 8 to 21 shown in Table 6 are the ones within the present invention. 
However, these metal oxides, which employ, as Ln, only one element other than Y, Ho, Dy, and Gd, have inferior 
characteristics. Accordingly, if a Ianthanoid element other than Y, Ho, Dy, and Gd is used, it is preferable to 
use the element in combination with Y or with one or more other Ianthanoid elements. When only one Ianthanoid 
element is used, Y, Ho, Dy, or Gd is preferred as the Ln elements. 

At the right columns of Tables 5 and 6, the values of decrease of Tc at the water-vapor exposure test con- 
ducted in the same manner as in Examples 1 to 7 are shown. From the values, the materials of the present 
invention have a good endurance. 
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Table 5 



10 



Example 
No, 



Compos! t ion 



Characteristic Decrease of Tc 



(Tc) 



after water-vapor 
exposure test 





14 


YSr 2 Cu 2.6 Ga 0,4°7.1 


35K 


-3K 


15 


15 


H ° Sr 2 Cu 2.6 Ga 0.4°7.1 


35K 


-4K 




16 


DySr 2 Cu 2.6 Ga 0.4°7 


31K 


-2K 




17 


GdSr 2 Cu 2 6 Ga 04 0 7 


26K 


-3K 


20 
25 












Table 6 






30 


Example Compos i t ion 
No. 


Character is t ic 
(Tc) 


Decrease of Tc 
after water- vapor 
exposure tes t 
(ATc) 




18 


LaSr 2 Cu 2.6 GR 0.4°7.0 


20K 


-4K 


35 


19 


SmSr 2 Cu 2 6 Ga 0 4 0 ? 0 


2 2K, 

■ s 

24K 


-3K. 




2 0 


ErSr 2 Cu 2.6 Ga 0.4°7.0 


-2K 




21 


YbSr 2 Cu 2i6 Ga 0>4 O 7 ; 0 


20K 


~3K 



40 



45 



Examples 22 to 35 and Comparative Examples 13 to 26 



50 



55 



The materials shown in Tables 7 and 8 were reacted and sintered in the same manner as describe above 
to prepare the compounds of Examples of the present invention and Comparative Examples. 

The X-ray patterns of the materials of Examples 22 to 35 are nearly the same as the one of Fig. 2 t showing 
the similar structures of these materials. The temperature dependence of the magnetic susceptibility of these 
materials were similar to that of Fig. 4, and the superconductivity volume fractions were more than 1 0 %, show- 
ing superior characteristics. 

From Tables 7 and 8, satisfactory superconductivity characteristics are obtained with the compound 
YSr 2 Cu 3 . x M x O y within the range of x regarding the element M. 
M = Ti : 0.2 ^ x ^ 0.5 

M = V ; 0.05^x^0.4 

M = Ga : 0.25^x^0.7 
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M = Ge ; 0.05 3 x si 0.4 

M = Mo : 0.05 S x ss 0.4 
M = W : 0.05 3 x £ 0.4 

M = Re : 0.05 £ x ss 0.4 

At the right columns of Table 7, the values of decrease of Tc at the watervapor exposure test conducted 
in the same manner as in Examples 1 to 7 are shown. From the values, the materials of the present invention 
have a good endurance. 



10 



Table 7 

15 * 



Example Composition Characteristic Decrease of Tc 

No. (Tc) after water-vapor 

exposure test 

20 (ATc? 





22 


YSr 2 Cu 2 


T i O 
.78 1 J 0. 22 u 7.0 


2 6 K 


-3K 




23 


YSr 2 Cu 2 


T i O 
.55 0. 45 U 7. 1 


31K 


-2K 


25 


24 


YSr 2 Cu 2 


V O 
.9 0.1 U 7.1 


2 5K' 


-2K 




25 


YSr 2 Cu 2 


V 0 
.65 0.35 7 . 2 


26K 


-3K 




2 6 


YSr 2 Cu 2 


.7 Ga 0.3°6.9 


31K 


-4K 


30 


27 


YSr 2 Cu 2 


.35 Ga 0.65°7. 1 


27K 


-3K 




28 


YSr 2 Cu 2 


.9 Ge 0.1°6.9 


3 IK 


-3K 




29 


YSr.Cu, 


65 Ge 0.35°7 


26K 


-3K 




30 


YSr 2 Cu 2 


9 M °0.1°6.9 


6 2K 


-5fC 


35 












I 


31 


YSr 2 Cu 2 


6 5 MO 0.3 5°7.4 


27K 


-IK 




32 


YSr 2 Cu 2. 


9 W 0.1°7.1 


38K 


-3K 




33 


YSr 2 Cu 2 


65 W 0.35°7. 4 


25K 


-2K 


40 


34 


YSr 2 Cu 2 


9 Re 0.1°6.9 


45K 


-5K 




35 


YSr 2 Cu 2 


65 Re 0. 35°7. 5 


26K 


-3K 



45 



50 



55 
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Table 8 



Comparative Nominal Characteristic 
Example No. compos i tion (Tc ) 





13 


YSr,Cu 0 


fl Ti 0 


8K 




14 


2 2 


.Ti- .0 
.4 0 . 6 y 


semi-conductor 


15 


15 


YSr 2 Cu 2 


V O 
.97 v 0,03 U y 


semi-conductor 




16 


YSr 2 Cu 2 


V 0 
.55 0.45y 


semi-conductor 




17 


YSr 2 Cu 2 


.78 Ga 0.2 2°y 


9K 


20 


18 


YSr 2 Cu 2 


2 0.8 y 


semi-conductor 




19 


YSr 2 Cu 2 


9 7 Ga 0.0 3°y 


9K 




20 


YSr 2 Cu 2 


5 0 . 5 y 


semi-conductor 


25 


21, 


YSr 2 Cu 2 


97 M °0.03°y 


9k 




22 


YSr ? Cu ? 


r Mo n c 0 
5 0 . 5 y 


semi -con due tor 




23 


YSr 2 Cu 2. 


w o 
97 0.03 y 


8.K 


30 


24 


YSr 2 Cu 2. 


5 W 0.5°y 


semi-conductor 




2? 


YSr 2 Cu 2 


9 7 Re O.0 3°y 


9K 




26 


YSr^Cu^ 


,Rc n ,0 
5 0 . 5 y 


semi-conductor 



1 



40 

Next, the Ca-substituted metal oxide material of the present invention is described more specifically by ref- 
erence to Examples. 

Examples 36 to 43 and Comparative Examples 27 to 31 

45 

The starting materials used were Y 2 0 3) SrC0 3 , CaC0 3t CuO, Ti0 2) V 2 0 5 , GeG 2 , Mo0 3 , W0 3 , Re0 3 , Al 2 0 3 , 
Mn0 2 , NiO, Fe 2 0 3 , and Co 2 0 3 . These materials were weighed out in desired composition ratios, and mixed at 
dry. The respective mixtures were pressed into pellets with 10 mm in diameter and 1 mm thick. Each of the 
formed pellets was reacted and sintered in an alumina boat at a temperature of 950 to 1 100°C in the air or in 
so an oxygen atmosphere to prepare the compounds of Exam pie or Comparative Example of the present invention. 
The samples prepared in such a manner were subjected to measurement of electric resistivity by a four-probe 
method and measurement of magnetic susceptibility by means of a SQUID in the temperature range of from 
room temperature to the liquid helium temperature. 

Table 9 shows the composition ratios and the transition temperatures (K) of the samples of Examples 36 
55 to 43. Table 10 shows the nominal compositions and the electric characteristics of the samples of Comparative 
Examples 27 to 31. The composition ratios were measured by EPMA, so that the quantity of the oxygen may 
involve an error of about 20 %. 

Table 9 shows that all of the materials of Examples of the present invention are superconductors having 
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Tc a 25 K or higher. The replacement of copper with Fe, Mo. W, or Re gives superior characteristics especially 
suitable for a superconductor. 

Table 10 shows that the materials prepared in Comparative Examples 27-31 in which the M is an element 
other than Fe, Co. Ti, V, Ge, Mo, W, and Re do not exhibit superconducting transition. 

At the right column of Table 9, the values of decrease of Tc at the water-vapor exposure test conducted 
in the same manner as in Examples 1-7 are shown. From the values, the materials of the present invention 
have a good endurance. 



Table 9 



15 



20 



25 



30 



Example 
No. 



Composit ion 



Characteristic Decrease of Tc 

(Tc) after water-vapor 
exposure test 



fATc) 


36 


Y o 


.8 Ca 0 


.2 Sr 2 Cu 2.85 Re 0.15°7.2 


51K 


-4K 


37 


Y o 


.9 Ca 0 


.l Sr 2 Cu 2.65 Ti 0.35°7.1 


37K 


-4K 


38 


Y o 


8 CQ 0 


2 Sr 2 Cu 2.7 Ge 0.3°7.0 


30K 


-3K 


39 


Y o 


9 Ca 0 


l Sr 2 Cu 2.85 Mo 0.l5°7.0 


68K 


-7K 


40 


V 


8 Ca 0 


2 Sr 2 Cu 2.85 W O.15 0 7.1 


49K 


-5K 


41 


Y o 


9 Ca 0. 


2 Sr l,9 Cu 2.75 Fe 0.25°7.2 


60K 


-7K 


42 


Y o. 


8 Ca 0. 


2 Sr 2 Cu 2.5 Co 0.4°7.0 


26K 


-4K 


43 


Y o. 


8 Ca 0. 


2 Sr 2 Cu 2.7 V 0.3°7.O 


29K 


-4K 



35 



Table 10 



45 



50 



Comparat i ve 
Example No. 



27 
28 
29 
30 
31 



Noma na 1 
compos! t ion 



Y 0.5 Ca 0.5 Sr 2 Cu 3°y 

YCaSrCu.,0 
3 y 

Y 0.8 Ca 0.2 Sr 2 Cu 2.7 A1 0.3°y 
Y 0.8 Ca 0.2 Sr 2 Cu 2.6 Mn 0.4°y 
y 0.8 Ca 0.2 Sr 2 Cu 2.6 Ni 0.4° y 



Characterist ic 
(Tc) 



semi -conductor 
semi -conductor 
semi-conductor 
semi -conductor 
semi -conductor 



55 



13 




Fig. 9 shows the X-ray diffraction pattern of the metal oxide material prepared in Example 36. From Fig. 
9, the sample prepared in Example 36 has a tetragonal structure with lattice dimensions of a - b - 3.33 A, c = 
11.5 A. The materials prepared in other Examples were found to exhibit nearly the same diffraction patterns, 
thus having the same structure, 
s Fig. 10 is a graph showing the temperature dependence of the electrical resistivity of this sample, showing 

that the superconductivity transition begins at approximately 59 K and the resistance reaches zero at 51 K. 
Hence, the compounds of the present invention become a superconductor at a temperature much higher than 
the liquid helium temperature. 

Fig. 1 1 shows the result of the measurement of temperature dependence of magnetic susceptibility of the 
10 metal oxide material prepared in Example 36. The sample of Example 36 exhibits Meissner signal below 55 
K, and the superconducting volume fraction thereof exceeds 20 % at 10 K. The other metal oxide materials 
prepared in Examples 37 to 43 were found to give similar results and to have sufficient superconductivity. 

In comparison of the material of the present invention with the data for YSr 2 Cu3. x Fe x 07 shown in Fig. 1 
cited from Chemistry of Materials, Vol. 1, 331 (1989), the material of the present invention has a much higher 
15 zero-resistivity-temperature and a much higher superconductivity volume fraction. 

The specific gravity of the compound of Example 36 is 5.5 g/cm 3 , being lower by approximately 30 % than 
existing copper oxide superconductors such as YBa 2 Cu 3 0 7 . The other materials prepared in Examples 37 to 

43 also have a specific gravity of not higher than 6 g/cm 3 , being of sufficiently light weight. 

20. Examples 44 to 50 and Comparative Examples 32 to 35 

The starting materials used were Y 2 0 3( Gd 2 Q 3 , Er 2 Q 3 , Dy 2 0 3 , Ti0 2 , V 2 0 5 , Re0 3 , SrC0 3 , CaC0 3 , and CuO. 
These materials were weighed out in desired composition ratios, and mixed at dry. The respective mixtures 
were reacted and sintered in the same manner as described above to prepare the compounds of the Examples 
25 of the present invention and Comparative Examples. The samples were subjected to measurement of electric 
resistivity and magnetic susceptibility. 

Table 11 shows the compositions of the compounds and the transition temperature (K) thereof in Examples 

44 to 50. Table 12 shows the nominal compositions and the electric characteristics of the samples of Compar- 
ative Examples 32 to 35. The composition ratios were measured by EPMA, so that the quantity of the oxygen 

30 may involve an error of about 20 %. 

The materials prepared in Examples 44 to 50 shown in Table 1 1 are within the composition range of the 
present invention. The materials of Examples 44 to 50 have the composition ratio of Ln a Ca b Sr c Cu3, x M x O d where 
a + b' + c = 3 for Examples 44 to 46, and 2.7 * a + b + c £ 3.3 for Example 47 to 50. The materials satisfying 
the condition ofa + b + c- 3 have a higher superconductivity transition temperature, and have more desirable 

35 characteristics. In Table 1 1 , the materials satisfying the condition of (a + b + c) of the present invention all be- 
come a superconductor having Tc = 25 K or higher. 

Table 12 shows that the materials of Comparative Examples outside the range of the composition of the 
present invention do not exhibit superconductivity transition, or come to have zero resistance at a temperature 
of 10 K or lower even if the materials exhibit superconductivity transition. 

40 The materials of Comparative Examples have inferior characteristics with the superconductivity volume 

fraction of not more than 3 %. 

At the right column of Table 1 1, the values of decrease of Tc at the water-vapor exposure test conducted 
in the same manner as in Examples 1 to 7 are shown. From the values, the materials of the present invention 
have a good endurance. 

45 



50 



55 



14 



BP 0 510 806 A2 fc^M* 



Table 11 



Example 
No, 



Composi tion 



Characteristic 
<Tc) 



Decrease of Tc 
after water-vapor 
exposure test 



(ATc) 


52K 


-4K 


43K 


-6K 


51K 


-3K 


38K 


-5K 


42K 


■-5K 


33K 


-3K 


32K 


-4K 



44 


Y 0.9 


45 


Gd o. 


46 


Y 0.9 


4 7 




48 


DyCa 


49 


Y 0.8 


50 


YCa Q 



Ca 0. 
4 Er C 
Ca 0. 



Ca r 



L5 Sr 3 

,4 Ca C 

> Sr l. 

.2 Sr 1 
r. 2 Cu, 

,Sr, 



.95 Cu ; 
.4 Sr l. 

3 CU 2.0 

.7 CU 2. 

.8 Re 0. 
■,Cu„ . 



.8 Re C 
> Cu 2. 
3 Fe 0, 



,2°7. 

J5 Re C 

l Re 0. 
,0, , 



3 Sr 2 Cu 2.7 V 0.3°y 



Table 12 



Comparative Nominal Characteristic 
E xample No, compos i t io n (Tc) 



32 Y 0.5 Ca i.5 SrCu 2.7 V 0.3 O y jemi -conductor 

33 Y 0.8 Ca 0.2 Sr 2 Cu 2.5 V 0.5°y semi-conductor 

34 Y 0.6 Ca 0.2 Sr l.e Cu 2.7 V O.3°y 6K 
^ Y 1.4 Ca 0.5 Sr i.5 Cu 2.7 V O.3°y 5K 



Examples 51 to 53 and Comparative Examples 36 to 38 

The materials shown in Tables 13 and 14 were reacted and sintered in the same manner as describe above 
to prepare the compounds of Examples of the present invention and Comparative Examples. 

The X-ray diffraction patterns of the materials of Examples 51 to 53 are nearly the same as that of Fig. 9, 
showing the similar structures of these materials. The temperature dependence of the magnetic susceptibility 
of these materials were similar to that of Fig. 11, and the superconductivity volume fractions were more than 
10 %, showing superior characteristics. 

In Tables 13 and 14, the composition of Ln a Ca b Sr c Cua. x M x O d (wherein a + b-+ c = 3) gives satisfactory 
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superconductivity within the range of 0.03 3 A b 3 4 1.2 of the Ca substitution. 

At the right column of Table 13, the values of decrease of Tc at the watervapor exposure test conducted 
in the same manner as in Examples 1 to 7 are shown. From the values, the materials of the present invention 
have a good endurance. 



10 



Table 13 



15 



20 



Example 
No. 



Composi t ion 



characteristic 
(Tc) 



51 Y 0.92 CQ 0.08 Sr 2 Cu 2.6 Co 0.4°7.0 2 ' 7K 

52 Y l Ca 0.08 Sr l.92 Cu 2.6 CO 0-4 0 7.0 29K 

53 Y 0.5 Ca i Sr i.5 CU 2.6 Co 0.4 0 7.0 26K 



Decrease of Tc 
after water-vapor 
exposure test 
( ATc ) 



-3K 
-3K 
-5K 



25 



Table 14 



30 



35 



Comparative 
Examp le No. 



Nominal 
composi t ion 



36 
37 
38 



Character is t ic 
(TC) 



Y 0.97 Ca 0.03 Sr 2 Cu 2.6 CO 0.4°y 
Y l Ca 0.03 Sr l.97 Cu 2.6 Co 0.4°y 
Y O.4 Ca i.2 Sr i.4 Cu 2.6 C °0.4 O y 



9K 

semi-conductor 



40 



45 Examples 54 to 69 and Comparative Examples 39 to 54 



50 



55 



The mixed starting materials shown in Tables 15 and 16 were reacted and sintered in the same manner 
as describe above to prepare the compounds of Examples of the present invention and Comparative Examples. 

The X-ray diffraction patterns of the material of Examples 54 to 69 are nearly the same as that of Fig. 9, 
showing the similar structures of these materials. 

The temperature dependence of the magnetic susceptibility of these materials were similar to that of Fig. 
11 , and the superconductivity volume fractions were more than 10 %, showing superior characteristics. 

From Tables 1 5 and 1 6, satisfactory superconductivity characteristics are obtained with the compound Ln a . 
Ca b Sr c Cu^ x M x O d (wherein a + b + c = 3) within the range of x regarding the element M. 
M = Fe : 0.2SxS1.0 

M = Co : 0.2 ^ x S 1.0 

M = Ti : 0.2 ^ x S 0.5 

M = V : 0.05 S x ^ 0.4 
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10 



M = Ge 
M = Mo 
M 55 W 
M = Re 



; 0.05 S x S 0,4 
: 0.05 £ x S 0.4 
; 0.05 £ x S 0.4 
: 0.05 S x S 0.4 



At the right columns of Table 1 5, the values of decrease of Tc at the watervapor exposure test conducted 
in the same manner as in Examples 1 to 7 are shown. From the values, the materials of the present invention 
have a good endurance. 



Table 15 



15 



Example 
No . 



Compos i t ion 



characteristic 
(Tc) 



Decrease of Tc 
after water- vapor 
exposure test 
( ATc ) 



20 


54 




.8 Ca 0 


.4 Sr l 


.8 CU 2 


. 75 *\0. 25 u 7 . 


2 


55K 


-6K 






To 


.R Ca 0 


.1 Sr i 


.n Cu 2 


.2 Fe 0.8°7.4 




c. oK. 


~ 4 Is. 


25 


56 


Y o 


.8 Ca 0 


.-4 Sr l 


.8 CU 2 


.75 C °0.25°7. 


1 


30K 


-5K 


5 7 


Y o 


.8 Ca 0 


.4 Sr l 


.8 CU 2 


.2 C °0.8°7.3 




26K 


-4K 




58 


Y o 


.8 Ca 0 


.4 Sr i 


.8 CU 2 


Ti 0 
.78 1 ^0, 22 U 7 . 


0 


27K 


-3K 


30 


59 


Y o 


8 Ca 0 


,4 Sr l 


.8 CU 2 


.55 Ti 0.45 0 7. 


1 


33K 


-5K 


60 


Y o 


8 Ca 0 


4 Sr l 


.8 Cu 2 


V o 
9 0.1 U 7. 1 




2 7K 


-3K 




61 


Y o 


8 Ca 0 


4 Sr i 


8 CU 2 


V 0 
65 0. 3S U 7 . 2 




3 IK 


-3K 


35 


62 


V 


8 Ca 0 


4 Sr i 


8 CU 2 


9 Ge 0.1°6.9 




35K 


~6K 




63 


i. 


8 Ca 0 


4 Sr i 


8 CU 2 


6 5 Ge 0.35°7 




29K 


-5K 




64 


Y o. 


8 Ca 0. 


4 Sr l 


8 CU 2 


9 MO 0.1°6.9 




62K 


-4K 


40 


65 


Y o. 


8 Ca 0. 


4 Sr l 


8 Cu 2. 


6 5 Mo 0.35°7. 


4 


29K 


-2K 




66 


Y o. 


8 Ca 0. 


4 Sr l. 


8 Cu 2. 


9 W 0.1°7.1 




4 IK 


-3K 




6 7 


Y o. 


8 Ca 0. 


4 Sr i. 


8 Cu 2. 


w n 
6 5 0. 3 5 U 7 .4 




3 IK 


-4K 


45 


68 


Y o. 


8 Ca 0. 


4 Sr a. 


8 CU 2. 


9 Re 0.1°6..9 




47K 


-4K 




69 


Y o. 


8 Ca 0. 


4 Sr l. 


8 Cu 2. 


6 5 Re 0.35°7. 


5 


30K 


-3K 



50 



55 
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Table 16 



Comparative Nominal Characteristic 
Example No, composition (Tc) 



39 


Y o 


.8 Ca 0 


.4 Sr l 


.8 CU 2 


. 85 Fe 0. 15°y 


9K 


40 


Y o 


.8 Ca 0 


.4 Sr i 


.8 CU 1 


.8 Fe l.2°y 


semi-conductor 


41 


Y o 


.8 Ca 0 


.4 Sr ! 


.8 CU 2 


.85 Co 0.1S°y 


semi-conductor 


42 


Y o 


. 8 Ca 0 


.4 Sr i 


.8 CU 1 


.8 C °1.2°y 


semi-conductor 


4 3 


Y o 


. 8 Ca 0 


.4 Sr l 


-8 CU 2 


.85 Ti 0.15°y 


8K 


44" 


Y o 


.8 Ca 0 


.4 Sr l 


.8 CU 2 


.4 0 . 6 y 


semi-conductor 


4 5 


Y o 


8 Ca 0 


4 Sr i 


8 CU 2 


V 0 
97 0.03 y 


semi-conductor 


46 


Y o 


8 Ca 0 


4 Sr a 


8 Cu 2 


55 V 0 . 45°y 


semi-conductor 


47 


Y o 


8 Ca 0 


4 Sr !. 


8 CU 2 


97 Ge 0.03°y 


sem i -conductor 


48 


Y o. 


8 Ca 0. 


4 Sr i. 


8 GU 2 


5 Ge 0.5°y 


semi-conductor 


4 9 


Y o. 


8 Ca 0. 


4 Sr l. 


8 CU 2. 


97 Mo 0.03°y 


7K 


50 


Y o. 


8 Ca 0. 


4 Sr l. 


8 CU 2. 


5 0 . 5 y 


semi-conductor 


sa 


Y o, 


8 Ca 0. 


4 Sr ,. 


8 Cu 2. 


W O 
97 0.03 y 


7K . 


5 2 


Y o. 


8 Ca 0. 


4 Sr i. 


8 CU 2. 


5 0.5 y 


sem i -conductor 


53 

1 


Y o. 


8 Ca 0. 


4 Sr i. 


8 CU 2. 


97 RG 0.03°y 


8K 


54 


Y o. 


8 Ca 0. 


4 Sr l. 


8 Cu 2. 


5 Re 0.5°y 


semi -conductor 



(1) The metal oxide material of the present invention is synthesizable stably at atmospheric pressure in 
contrast to conventional superconducting materials that are synthesizable only under a super high pres- 
sure. 

(2) The metal oxide material of the present invention is an excellent superconducting material having a su- 
perconductivity transition temperature exceeding by far the liquid helium temperature, and having a super- 
conductivity volume fraction of not less than 10 %. Accordingly, the metal oxide material of the present in- 
vention is practically usable with a simple refrigeration apparatus. 

(3) The metal oxide material of the present invention has the lowest specific gravity of known copper oxide 
materials which are obtained stably, and is particularly effective when used as a bulk material. 

(4) In the synthesis of the metal oxide material of the present invention, a toxic material such as heavy metal 
or barium carbonate is not used in contrast to other copper oxide superconductor, and is therefore safe 
and inexpensive. 

(5) The metal oxide material of the present invention has a good endurance against moisture and water 
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vapor* Therefore, the metal oxide material is naturally useful under various application conditions and wide 
application fields, and can effectively be used as a device material. 

(6) The metal oxide material of the present invention loses oxygen less even at a high temperature. There- 
fore, less cduntermeasure is required against the oxygen loss during the production and use of the metal 
5 oxide material. 



Claims 



10 1. A metal oxide material represented by the composition formula of Ln a Sr b Cu3_ x M x O c , where 2.7 £ a + b ^ 
3.3; 0.8 ^ a = 1.2;6ScS 9; and 0.05 ^ x ^ 0.7, Ln is at least one element selected from the group of 
elements of Y and lanthanoids or an atomic group consisting of said elements, and M is at least one ele- 
ment selected from the group of elements of Ti, V, Ga, Ge, Mo ( W and Re or an atomic group consisting 
of said elements. 





2. 


The metal oxide material 


of Claim 1 , wherein a = 


= 1 and b = 2, and Ln is selected from Y, Ho, Dy, and Gd. 




3. 


The metal oxide material 


of Claim 1 , wherein M 


= Ti f and 0.2 ^ x ^ 0.5. 


20 


4. 


The metal oxide material 


of Claim 1 , wherein M 


= V, and 0.05 £ x £ 0.4. 




5. 


The metal oxide material 


of Claim 1, wherein M 


= Ga, and 0.25 £ x ^ 0.7. 




6, 


The metal oxide material 


of Claim 1 , wherein M 


= Ge ( and 0.05 £ x 3 0.4. 


25 


7. 


The metal oxide material 


of Claim 1 , wherein M 


= Mo, and 0.05 s x ^ 0.4. 




8. 


The metal oxide material 


of Claim 1 , wherein M 


= W, and 0.05 Sx 23 0.4. 




9. 


The metal oxide material 


of Claim 1, wherein M 


= Re, and 0.05 £ x =S 0.4. 


30 


10. 


The metal oxide material of Claim 1 , which has a tetragonal or orthorhombic structure, and its C-axis length 



is not less than 11 A and not more than 12 A. 



35 



11. The metal oxide material of Claim 1 , which shows superconductivity at a temperature not lower than 20 
Kelvin. 



12. A metal oxide material represented by the composition formula of Ln a Ca„Sr c Cu3. x M x O d where 2.7 £ a + 
b + c ^ 3.3; 0.8 ^ a + b £ 2.1; 0.05 ^ b ss 1.1; 6 S d S 9; and 0.05 £ x ^ 1,0, Ln is at least one element 
selected from the group of elements of Y and lanthanoids or an atomic group consisting of said elements, 
and M is at least one element selected from the group of elements of Fe, Co, Ti, V, Ge, Mo, W and Re or 

40 an atomic group consisting of said elements. 

13. The metal oxide material of Claim 12, wherein a + b + c = 3. 

14. The metal oxide material of Claim 12, wherein M = Fe, and 0.2 ^ x ^ 1,0. 

45 

15. The metal oxide material of Claim 12, wherein M = Co, and 0.2 ^ x s 1.0. 

16. The metal oxide material of Claim 12, wherein M = Ti, and 0.2 £ x ^ 0.5. 

17. The metal oxide material of Claim 12, wherein M = V, and 0.05 ^ x ^ 0.4. 

so 

18. The metal oxide material of Claim 12, wherein M = Ge, and 0.05 ^ x ^ 0.4. 

19. The metal oxide material of Claim 12, wherein M = Mo, and 0.05 0.4, 
55 20. The metal oxide material of Claim 12, wherein M = W, and 0.05 £ x ^ 0.4. 

21. The metal oxide material of Claim 12, wherein M = Re, and 0.05 a x ^ 0.4. 
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22. The metal oxide material of Claim 12, which has a tetragonal or orthorhombic structure, and its C-axis 
length is not less thaa 1 1 A and not more than 12 A 

23. The metal oxide material of Claim 12. which shows superconductivity at a temperature not lower than 20 
kelvin. 

24. Use of a material as claimed in any preceding claim as a superconductor in a device or to enable a meas- 
urement to be made. 
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